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Description 



This invention relates to a radiation curable pressure-sensitive adhesive composition having high co- 

5 hesion at low temperatures and excellent adhesiveness. 

Heretofore, in order to exhibit desired adhesive properties such as cohesive force and peel strength 
in pressure-sensitive adhesive tapes, it has been necessary to use a polymer having a relatively high 
molecular weight and viscosity (e.g., natural rubber, synthetic rubber, etc.). Therefore, in coating, the 
polymer should be applied to a substrate in the form of a solution in an organic solvent. Further, since a 

10 large amount of the solvent used is allowed to evaporate, a long period of time is required for a drying 
step after the coating. Moreover, solvents used for the above mentioned purpose are volatile and flam- 
mable and many of them have harmful effects on human body, so that their use often causes a fire or 
various environmental pollution problems. Further, a solvent-recovering apparatus which is regarded 
as necessary from the viewpoint of economics and preventing the abovementioned environmental pollu- 

15 tion is generally expensive and requires a wide space for its provision. Accordingly r so-called solvent- 
less pressure-sensitive adhesives have been noted in recent years from the viewpoints of saving-re- 
sources, saving-energy and preventing-environmentai pollution. In order to make solventless, there 
have been used emulsion type, hot melt type and the like adhesives. Particularly, a radiation curable 
pressure-sensitive adhesive applying a liquid oligomer having one or more unsaturated double bonds in 

20 its molecule is now noticed. This is because the radiation curable pressure-sensitive adhesive does not 
contain in principle an organic solvent which causes defects of the abovementioned solvent-type pres- 
sure-sensitive adhesives, or even if it contains the solvent, the amount of the solvent is very small. 
Further, there are the following advantages: (1) since radiation which is actinic energy rays is used, the 
curing (polymerization) reaction is fast, (2) since the curing reaction proceeds only when irradiated with 

25 radiation, the pot life can be controlled freely, (3) no large dryer is necessary for the production, etc. 

But even the radiation curable pressure-sensitive adhesive has the following disadvantages. The po- 
lymerization (curing) reaction generally proceeds by addition of radicals generated by irradiation to un- 
saturated double bonds, but in this case the reaction rate is so fast that excess crosslinking easily takes 
place, which results in raising the glass transition point Therefore, the formed adhesive iayer film be- 

30 comes brittle, and in an extreme case, cracks are formed due to large polymerization shrinkage. When 
adhesive layer film properties are measured in such a state, the film has large breaking strength but 
hardly shows elongation and rubber-like properties. On the other hand, when the absolute amount of un- 
saturated double bonds in the molecule is reduced In order to suppress the excess crosslinking, the re- 
action proceeds locally, which results in failing to obtain sufficient cohesive force as a whole. 

35 As mentioned above, it as difficult to suppress the curing reaction suitably while maintaining adhesive 
properties as a pressure-sensitive adhesive. 

In order to solve such problems, some of the present inventors have proposed a pressure-sensitive 
adhesive comprising a radiation curable oligomer, a chain transfer agent and a polar group-containing 
monomer in order to carry out the curing reaction uniformly and to enhance interfacial force (Japanese 

40 Patent Appln No. 128224/82, Japanese Patent Examined Publication No. 25070/85). But even such a 
pressure-sensitive adhesive has a problem of lowering peel strength in a cold district or in the winter- 
time. 

SUMMARY OF THE INVENTION 

45 

it is an object of this invention to provide a radiation curable pressure-sensitive adhesive composi- 
tion having excellent rubber-like properties and high peel strength and excellent adhesive properties at 
low temperatures. 

This Invention provides a radiation curable pressure-sensitive adhesive composition comprising: 
50 100 parts by weight of a liquid oligomer which is a copolymer of an alkyl acrylate or methacrylate having 
one of more acrylic bonds in the main chain or in side chains and having a low degree of polymerisation 
and a viscosity of 1 x 10 2 to 5 x 106 m p a s at 25°C. 

0.2 to 20 parts by weight of a thiol compound, a disulfide compound or a halid compound as a chain trans- 
fer agent, and 

55 0.5 to 30 parts by weight of an aliphatic polar monomer having a carboxyl group and represented by the 
formula: 



w 2 ■ r 

0 = C - O — f- C m E 2m - C - O-H^H (I) 

0 

65 wh rein m Is an integer of 4 to 10; and n is an integer of 1 to 20. 
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The aliphatic polar monomer of the formula: 

CH- = CH 
2 I 




wherein m is an integer of 4 to 10; and n is an integer of 1 to 20, can be synthesized by reacting a cyclic 
saturated aliphatic lactone of the formula: 

(CH 2 ) m - C « O 



20 wherein m is an Integer of 4 to 10, with acrylic acid by a conventional process. In the formula (I), n is usu- 
ally an integer of 1, but n can be an integer of 2 to 20 when side products are produced by the synthesis. 

Examples of the aliphatic polar monomer of the formula (I) are 5-acryloy!oxypentanoic acid, 6-acryIoyl- 
oxyhexanoic acid. 1 1-acryloyloxyundecanoic acid, etc. 
The aliphatic polar monomer of the formula (I) is used in an amount of 0.5 to 30 parts by weight per 100 
25 parts by weight of the liquid oligomer. When the amount is less than 0.5 part by weight, the adhesive 
properties at low temperaures are lowered, while when the amount Is more than 30 parts by weight, the 
curing properties are lowered. Preferable amount of the aliphatic polar monomer is 1 to 20 parts by 
weight, more preferably 5 to 15 parts by weight, per 100 parts by weight of the liquid oligomer. 
The liquid oligomer having one or more acrylic unsaturated double bonds in its molecule includes 
30 oligomers obtained by copolymerizing an alkyl acrylate or alky! metacrylate as a main chain in a low de- 
gree of polymerization, acrylic oligomers having one or more unsaturated double bonds in one molecule 
in a main chain or side chain such as poiyol acrylates, polyester acrylates, urethane acrylates, and 
epoxy acrylates. 

The oligomer is liquid under normal conditions and requires no solvent or if used in a very small 
35 amount The viscosity of the liquid oligomer is in the range of preferably 102 cps to 5 x 105 cps at room 
temperature (25°C). Particularly preferable results can be obtained when the oligomer is highly reactive 
and has one or more acrylic double bonds. 

Such an oligomer can be produced by the following processes. 

40 (1) A process which comprises copolymerizing an acrylic ester compound, a monomer having a car- 
boxyl group and if necessary, other monomers in a suitable organic solvent by a conventional solution 
polymerization method, and then reacting a part of the carboxyl groups of the resulting copolymer with a 
monomer having an epoxy group in the presence of a polymerization inhibitor and a catalyst to introduce 
one or more olefinic unsaturated bonds to side chains. 

45 (2) A process which comprises copolymerizing an acrylic ester compound, a monomer having an epoxy 
group, and if necessary, other monomers as mentioned above, and then reacting a part of the epoxy 
groups of the resulting copolymer with a monomer having a carboxyi group in the same manner as de- 
scribed above to introduce one or more olefinic unsaturated bonds into side chains. 
(3) A process which comprises copolymerizing an acrylic ester compound, a monomer having a hy- 

50 droxyl group and if necessary, other monomers as mentioned above, and then reacting a part of the hy- 
droxyl groups of the resulting copolymer with a 1:1 addition reaction product of a diisocyanate such as 
tolylene diisocyanate, or hexamethyiene diisocyanate and a monomer having a hydroxyl group (a half ure- 
thane) In the same manner as described above to introduce one or more olefinic unsaturated bonds into 
side chains. 

55 (4) A prooess according to (1), (2) or (3), wherein a monomer having an amino group is substituted for 
a part of the above-mentioned monomer having a carboxyl group In (1), monomer having an epoxy group 
in (2) or monomer having a hydroxyl group in (3). 

Examples of the acrylic ester compound are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl 
60 methacrylate, butyl acrylate, butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, octadecy! ac- 
rylate, octadecyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, etc. In this invention, It 
is preferable to contain 60% by weight or more of the acrylic ester compound in the main chain of the 
oligomer. 

Examples of the monomer having a carboxyl group are acrylic acid, methacrylic add, etc. 
65 Examples of the monomer having an expoy group are glycidyl acrylate, glycidyl methacrylat , etc. 



3 



EP 0 210 309 B1 



Examples of the monom r having a hydroxy! group are 2-hydroxyethyl acrylate, 2-hydroxylethyI meth- 
acrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, etc. 

Examples of the monomer having an amino group are dimethylaminoethyl acrylate, dimethylaminoethyl 
methacrylate, diethylaminoethyl acrylate, diethylaminoethyl methacrylate, etc. 

5 As the chain transfer agent, there can be used thiol compounds such as butyl mercaptan, laury! mer- 
captan, octyl thioglycolate, ethylene glycol dithiogiycolate, 1,4-butanediol dithiopropionate, trimethylol- 
propane trIs{thloglycolate), trimethylolpropane tris(p-thlopropionate), pentaerythritol tetrakis(p-thiopro- 
pionate), eta, disulfides such as diphenyl disulfide, etc.; halides such as carbon tetrachloride, carbon 
tetrabromide, chloroform, etc. These compounds can be used alone or as a mixture thereof. 

10 The chain transfer agent is added to suppress excess crosslinking at the time of radiation curing. The 
amount of the chain transfer agent is 0.2 to 20 parts by weight, preferably 2 to 15 parts by weight per 
100 parts by wight of the liquid oligomer. When the amount is less than 0.2 part by weight, the effect for 
suppressing crosslinking becomes insufficient, whereas when the amount is more than 20 parts by 
weight, the adhesive properties are badly influenced due to insufficient curing and insufficient cohesive 

15 force. 

The radiation curable pressure-sensitive adhesive composition may further contain one or more 
monomers for dilution, and if necessary, one or more viscosity imparting agents, softening agents, anti- 
oxidants, fillers, pigments, and the like additives. 

The radiation used in this invention is actinic energy rays including an ionizing radiation such as a- 
20 rays, p-rays, y-rays, neutron rays, acceleated electron beams or the like. The ionizing radiation can be 
used in a dose in the range from 0.5 to 50 Mrad, preferably 1 to 20 Mrad. If necessary, the adhesive 
composition may contain a curing accelerator. In the case of irradiation with radiation, a care should be 
taken particularly in an irradiation atmosphere. Since the radicals produced by irradiation are badly influ- 
enced by oxygen In the air, the air may be replaced by an inert gas such as nitrogen gas, or in some case, 
25 the film to be treated may be covered with a film or the like to remove oxygen. 

This invention is illustrated by way of the Allowing Examples, in which ail parts and percents are by 
weight unless otherwise specified. 

Examples 1 to 3, Comparative Examples 1 and 2 

30 

A solventless acrylic copolymer was synthesized by bulk polymerization of 80 parts of butyl acrylate 
and 20 parts of glycidyl methacrylate in the presence of a catalyst The resulting liquid oligomer had a 
viscosity of 5 x 10* cps (30°C). Then, 10 parts of acrylic acid was addition reacted to synthesize an 
acrylic radiation curable liquid oligomer having unsaturated double bonds at side chains. To 100 parts of 
35 the oligomer, 10 parts of ethylene glycol dithiogiycolate as a chain transfer agent and 20 parts of 5-acryi- 
oyioxypentanoic acid (Example 1), 6-acryloyioxyhexanoic acid (Example 2) or 11-acryloyloxyundecanoic 
acid (Example 3) were added to give each radiation curable pressure-sensitive adhesive composition. 

For comparison, an adhesive composition was prepared in the same manner as described in Example 1 
except for not using ethylene glycol dithiogiycolate (Comparative Example 1). 
40 Further, an adhesive composition was prepared in the same manner as described in Example 1 except 
for using acid phosphoxydiethyi methacrylate (HOSMER M, a trade name, manufactured by Yushi 
Seihin K.K.) in place of the cyclic aliphatic lactone modified monomer (Comparative Example 2). 

Using the above-mentioned adhesive compositions, films were formed and their properties were test- 
ed as follows. 

45 A film was formed by coating each composition on a release paper treated with a silicone In a constant 
thickness (about 1 mm), and irradiating electron beams from a linear filament type electron beam irradiat- 
ing apparatus (Electron Curtain, a trade name, manufactured by Energy Science Inc.) at a dose of 5 
Mrad with an accelerated voltage of 160 kV and a beam current of 10 mA in a nitrogen gas atmosphere 
(oxygen concentration: 500 ppm) to carry out polymerization and crosslinking. Elongation and tensile 

50 strength of each adhesive layer film were measured by using a Tensilon tensile tester. 
The results were as shown in Table 1 . The rate of tension was 200 mm/min (20°C). 
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Table 1 



Example No, 


Elongation (%) 


Tension strength 
(kg/cm 2 ) 1 


ExamDle 1 


800 

www 


5 70 


2 


820 


5.55 


3 


850 


5.50 


Comparative 
Example 1 


450 


5.85 


Comparative 
Example 2 


800 


5.45 



10 



15 



20 



25 R was found that the compositions of each Example had rubber-like properties sufficiently. There- 
fore, adhesive tapes were produced by coating each composition on a polyester film of 0.025 mm in thick- 
ness (Lumilar #25, a trade name, manufactured by Toray Industries, Inc.) so as to give an adhesive lay- 
er of 0.015 mm thick, and irradiating the composition with electron beams In the same manner as described 
above. Peel strength and cohesion of the adhesive tapes were measured. The results were shown in Ta- 

30 ble 2. 
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As is clear from Table 2, the pressure-sensitive adhesive composition of this invention can give ad- 
hesiv tapes having constant cohesive force, good in adhesiveness at (ow temperatures and little in the 
change with the lapse of time. 

5 Examples 4 to 6, Comparative Examples 3 and 4 

An acrylic radiation curable liquid oligomer was synthesized by polymerizing 40 parts of butyl ac- 
rylate, 40 parts of 2-ethylhexyl acrylate and 20 parts of gtycidyl methacrylate in the same manner as de- 
scribed in Example 1 and adding 10 parts of acrylic add thereto. 

10 Each radiation curable pressure-sensitive adhesive composition was preapred by adding 10 parts of 
carbon tetrabromide and 10 parts of 5-acryloyloxypentanoic acid (Example 4), 6-acryIoyloxytiexanoic ac- 
id (Example 5) or 1 1-acryloyioxyundecanoic add (Example 6) to the oligomer. 

For comparison, an adhesive composition was prepared in the same manner as described in Example 4 
except for not adding carbon tetrabromide (Comparative Example 3), or except for using acryloyloxy- 

15 ethyl hydrogen phthalate in place of the cydlc aliphatic lactone modified monomer (Comparative Example 
4). 

The properties of adhesive layer films obtained from individual adhesive compositions were tested. 
Further, each adhesive composition was coated on a polyethylene film of 0.06 mm thick so as to give an 
adhesive layer of 0.005 mm, followed by irradiation with electron beams to prepare an adhesive film for 
20 surface protection. 

Properties of the resulting adhesive films were tested and shown in Table 3. 
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As is dear from Table 3, the pressure-sensitive adhesive composition of this invention can give ad- 
hesive tapes go d in adhesion at low t mperatures, little in the change of adhesive force with the lapse 
of time and good in Erichsen squeezing test 

5 Claims 

1 . A radiation curable pressure-sensitive adhesive composition comprising 
100 parts by weight of a liquid oligomer which is a copolymer of an alky! acryiate or methacrylate having 
one of more acrylic bonds in the main chain or in side chains and having a low degree of polymerisation 
10 and a viscosity of 1 x 102 to 5 x iqs m p a s a! 25°C. 

0.2 to 20 parts by weight of a thiol compound, a disulfide compound or a halide compound as a chain 
transfer agent, and 

0.5 to 30 parts by weight of an aliphatic polar monomer having a carboxyi group and represented by the 
formula (I): 



15 



20 



30 



45 



CH-> = CH 
2 I 

0« C -0 + C m H 2m -C-O^H (I) 



wherein m is an integer of 4 to 1 0; and n is an integer of 1 to 20. 

2. A composition according to claim 1, wherein the aliphatic polar monomer of formula (I) is 5-acryloyl- 
25 oxypentanoi c acid, 6-acry I oyl oxyhexanoic acid or 1 1 -acryloyioxy undecanoic acid. 

3. A composition according to any one of the preceding claims, wherein the liquid oligomer is a copoly- 
mer obtained from butyl acryiate, glycidyl methacrylate, 2-ethythexyi acryiate or acrylic acid monomers. 

4. An adhesive tape comprising a substrate coated with a composition as defined in any one of claims 1 
to 3. 



PatentansprOche 



1. Durch Strahlung vemetzbare druckempfindiiche Klebemittelzusammensetzung, dadurch gekenn- 
zelchnet, daB sle 

35 100 Gew.-Teile eines fiOssigen Oligomeren, das ein Copoiymeres aus einem Alkylacrylat oder Meth- 
acrylat mit einer oder mehreren Acrylbindungen in der Hauptkette oder in Seitenketten ist und einen 
niedrigen Polymerisationsgrad und eine Viskosit&t von 1 x 1 0 2 bis 5 x 10$ mPas bei 25°C besitzt; 
0,2 bis 20 Gew.-Teile einer Thlolverbindung, einer Disulfidverbindung oder einer Halogenidverbindung 
ais KettenQbertragungsmittel; und 

40 0,5 bis 30 Gew.-Teile eines aliphatischen polaren Monomeren mit einer Carboxylgruppe und wiedergege- 
ben durch die Formel (I): 



CH- = CH 
2 | 

O * C - O C m H 2ffi - C - O-^H (I) 



50 worin m eine ganze Zahl von 4 bis 1 0 ist und n eine ganze Zahl von 1 bis 20 ist, enthart 

2. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB das aliphatische polare Mono- 
mere der Formel (I) S-Acrvioyloxypentans&ure, 6-Acrytoyloxyhexansaure oder 11-Acryloyioxyundecan- 
s&ure ist 

3. Zusammensetzung nach einem der vorausgehenden AnsprGche, dadurch gekennzeichnet, daB das 
55 flOssige Oligomere ein Copoiymeres, erhalten aus Butylacrylat-, Glyddylmethacrylat-, 2-Ethyl- 

hexylacrylat- oder Acrylsfiure-Monomeren, ist 

4. Klebeband, umfassend ein Substrat, beschichtet mit einer Zusammensetzung wie in einem der An- 
sprQche 1 bis 3 definiert 

60 Revendication8 

1. Composition adhesive sensible k la pression, durcissabie par irradiation, comprenant: 
100 parties en poids d'un oligomere liquide qui est un copolymers d'un acryiate ou d'un methacrylate d'al- 
kyle ayant une ou plusieurs liaisons acryliques dans ia chain principals ou dans les chaTnes late>aies et 
65 ayant un faibie degre* de polymerisation et une viscosite" de 1 x 1 0* a 5 x 1 0$ mPa.s & 25°C. 
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0,2 a 20 parties en poids cfun thiol, d'un dlsuifure ou d'un halog§nure comme agent de transfert de chai- 
ns, et 

0,5 a 30 parties en poids d'un monomere poiaire aliphatique comportant un groupe carboxyie et represen- 
ts par la formuie I: 

CH~ = CH 

2 ! 

0 - C - O C m H 2m - C - O-^H (I) 



dans laquelle m est un errtier de 4 a 10; et n est un entier de 1 a 20. 

2. Composition selon la revendication 1 dans laquelie le monomere poiaire aliphatique de formuie I est 
15 Pacide 5-acryloyloxypentanoTque, Pacide 6-acryIbyloxyhexanoTque ou Pacide 11-acryioyloxyundecanoi- 

que. 

3. Composition selon Pune quelconque des revendications prScedentes, dans laquelle Poligomere liqui- 
ds est un copoiymere obtenu a partir des monomeres acrylate de butyle, methacrylate de glycldyle, 
acrylate de 2-ethylhexyle ou acide acrylique. 

20 4. Ruban adhesrf comprenant un substrat rev§tu d'une composition telle que deflnie dans i'une quel- 
conque des revendications 1 a 3. 
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